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ORGAN OMETALLIC COMPOSITIONS AND POLYISQCYANATE COMPOSITIONS 
CONTAINING THEM 

This invention relates to novel organometaliic compositions and poiyisocyanate compositions 
5 containing them and, in particular, to organometaliic compositions based on iron or aluminium 
and which are useful in poiyisocyanate compositions for binding lignoceilulosic material. 

The use of organic poiyisocyanates as binders for lignoceilulosic material in the manufacture of 
sheets or moulded bodies such as waferboard, chipboard, fibreboard and plywood is well 
10 known, in a typical process the organic poiyisocyanate, optionally in the form of a solution, 
dispersion or aqueous emulsion, is applied to the lignoceilulosic material which is then 
subjected to heat and pressure. 

Suitable poiyisocyanate compositions are disclosed in PCT Application WO 97/17388and our 
15 co-pending UK Application GB 9815029.5. These compositions comprise a Group !VB metal 
compound, preferably a titanium chelate, optionally in combination with a compatibiiising 
compound and/or conventional release agents. Although these compositions perform well as 
binders for lignoceilulosic material and provide good release performance, it is desirable to 
develop alternative compositions which provide at least as good stability on storage before use, 
20 together with good curing properties and excellent bonding strength when applied to the 
lignoceilulosic material. 

GB-A-951949 describes the use of metal chelates, including chromium, vanadyl and ferric 
acetyiacetonate as catalysts for the preparation of non-cellular polyurethanes for use as rocket 
25 propellants. There is however no description of the storage stability of isocyanate compositions 
containing these materials or of any of the compositions now found to be beneficial in the 
preparation of poiyisocyanate compositions. 

The use of vanous metal acetyiaceionates as catalysts for the isocyanate-nydroxyl group 
•0 reaction to form a urethane group has been discussed by J.W, Britain, (! & EC Product 
Research and Development, voil , no 4, (December 1962) at page 251 - 26*). There is, 
however, no .naicaticn that compositions of the present invention may be beneficial in sucn 
applications. 

5 it has now been surprisingly founa that certain comoosiiicns prepared from p-dicaroonyl 
compounds can be used to precare ootyisccyanate comcos;t:ons which are very stable on 
prolonged storage ana economical wnen usee for Wincing hcncceiluicsic material. 
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According to one aspect of the invention an organometailic composition, suitable for use in 
curing poiyisocyanate compositions, comprises a complex of at least one metal selected from 
the group consisting of iron, aluminium and cobalt and at feast one p-dicarbonyl compound 
wherein, when the metal is iron (II) or cobalt (II), the molar ratio of p-dicarbonyi compound to 
5 metai is in the range from 2.1 : 1 to 10 :1, and when the metal is aluminium (IfJ) iron (III) or 
cobalt (III), the molar ratio of p-dicarbonyl compound to metal is in the range from 3.1 :1 to 10 
:1. 

Also according to the invention, a poiyisocyanate composition comprises an organometailic 
composition, said organometailic composition being a complex of at (east one mecal selected 
from the group consisting of iron, aluminium and cobalt and a j3-dicarbonyl compound wherein, 
when the metal is iron (J!) or cobait (II), the molar ratio of (3-dicarbonyl compound to metal is in 
the range from 2.1 : 1 to 10 :1, and when the metai is aluminium (III), iron (III) or cobait (111) the 
molar ratio of j3-dicarbcnyl compound to metai is in the range from 3.1 :1 to 10 :1 . 

The iron, aluminium or cobalt composition of the invention, suitable for use in a poiyisocyanate 
composition, is described herein as a "complex". It is a feature of this invention that some of the 
[3-dicarbony( compound will be chemically bound to the metal (Fe, Al or Co) but that some can 
be described as "free". The exact proportions which are bound and free wfil depend partly upon 
the exact molar ratios present in the complex, which metal is used and in which oxidation state 
the metal is in, but it has been shown that tne "free" ester does influence the properties, 
particularly the staoility on storage, of a poiyisocyanate composition as a binder for 
lignoceliuloslc materials. The use of the word "complex 1 * does not imply that said complex is 
necessarily separately prepared before addition to a poiyisocyanate to form the poiyisocyanate 
compositions of the invention. The complex can be f orrned in the course of preparing the 
inventive poiyisocyanate composition using alternative methods as described hereinafter. 

The ,8-dicarbonyi compound used to prepare the complexes of the invention can be any suitable 
(3-dicarbonyi compound. Preferred 8-dicarbonyi compounds include diketones, fcr example 
30 aceiyiacexone (2,4-pentanedlone), benzoyl acetone, dibenzoylmethane, 2,2,5,6- 

tetrametnylhepxanedicne and 1,1,1-criflucrc- 2,4-pentanedcne and esters of acetoacsiic acid 
such as ethyiacetcacetate, methyiacetcacetate, isopropyiacetoacetate and 
tertiarycutyiacetoacetate. A complex may be based on one 3-dicarbonyl compound but 
osrncufany useful complexes have been prepared from a mixture of £-dicarbonyi comcounos. 
35 sucn as a mixture of acetylaceione and ethyl aceioacetate. 

""he mciar ratio of 3-aicarocnyi comoounc to metai in the ccmoiex <s Tom greater than the 
oxication mate of the metai ud ;o 10. Preferaoiy, the mciar ratio is oreferaciy in the -ange 2.5 
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1 to 8 . 1 and more preferably in the range 5 : 1 to 8 : 1. In agreement with conventionaf 
theories about the co-ordination chemistry of iron (II) and cobalt (II) complexes, two molecules 
of the (3-dicarbonyl compound will be chemically bound to the metal atom and any remaining 
will be "free", and for aluminium (111), iron (111), and cobalt (ill) complexes, three molecules of the 
5 p-dicarbonyl compound will be chemically bound to the metal atom and any remaining will be 
"free". 

Typically, the complexes of iron, cobalt or aluminium may be prepared from the alkoxide, 
condensed alkoxide, hydroxide, halide or other compounds by methods known to those skilled 
10 in the art. For example, aluminium complexes may be prepared directly from the metal, the 
metal tri-aikyi, or more preferably from the alkoxide or halide by reaction with p-dicarbonyi 
compound. Iron complexes may also be derived from alkoxides. Typical aikoxides have the 
general formula M(OR) x in which M is A( or Fe, x is the oxidation state of the metal, i.e. 2 or 3, 

and R is a substituted or unsubstituted, cyclic or linear, alky!, aikenyl, aryi or alkyl-aryl group or 
15 mixtures thereof. Preferably, R contains up to 8 carbon atoms and, more preferably, up to 6 
carbon atoms. Generally, all OR groups are identical but alkoxides derived from a mixture of 
alcohols can be used and mixtures of alkoxides can be employed when more than one metai is 
present in the complex. Suitable aikoxides include trimethoxyaluminium, trimethoxyiron, 
triethoxyaluminium, triethoxyiron, tri-isopropoxyalurninium, tri-isopropoxyiron, tri-n- 
20 propoxyaiuminium. trwvpropoxyiron, tritertiarybutoxy- aluminium, tritertiaryfautoxyiron, tri-sec- 
butoxyaiuminium and tri-sec-butoxyiron. Iron and cobalt complexes are preferably prepared for 
example from the halide by direct reaction of the metal compound with the p-dicarbonyi 
compound in the presence of a base or from the hydroxide. Metathesis reactions whereby the 
complex is prepared from an iron, cobalt or aluminium compound, usually but not always a 
25 halide, and a salt, usually but not always the sodium, potassium, lithium or magnesium salt of 
the p-dicarocnyl compound, are also suitable for preparing complexes of the present invention. 

The aluminium complex can be readily prepared by mixing, for example, an alkoxide or 
condensed alkoxide with an appropriate amount of p-dicarbonyl compound. Aicohoi from the 

30 alkoxide will be displaced by the p-dicardonyl compound and, preferably, the displaced alcohol 
is removed by, for example, distillation. In a preferred method, 3 moles of p-dicarbonyl 
compound (e.g. acer/iacetone) per atom of Al are added tc an alkoxide or condensed aikoxide 
and the displaced aicohci is removed by distillation. Additional 3-dicarDonyl compound is then 
added tc the stripped product. Tms method is advantageous because ?t provides a consistent 

25 product of known stcichiometry. The iron or cobalt complexes can reaciiy be preoared by 
generating a reactive hydroxide by treatment of the metal cnicnde In water with ammonia and 
reading [his with p-dicaroonyl comocund. 
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In one method of preparing the polyisocyanate compositions of the invention, a product 
containing 2 or 3 moles of p-bicarhonyl compound per Co, Fe or A! atom can be mixed with 

additional p-dicarbonyl compound to produce the complex of the invention and this complex 
can be added to a polyisocyanate composition. For aluminium complexes, a product containing 
5 1 moie of p-dicarbonyi compound per Ai atom is a suitable starting material for this method. 
Alternatively, the product containing 2 or 3 moles of p-dicaroonyl compound per Co, Fe or Ai 
atom can be prepared and any additional p-dicarbonyi compound required to produce the 
polyisocyanate composition of the invention can be added to the polyisocyanate before or after 
the iron or aluminium compound has been added. Other methods of preparing the composition 
10 of the invention will be apparent to a person skilled in this art 

A further metal complex may be present in the organometallic composition, for example a 
complex of titanium, zirconium or hafnium may be present in addition to the Co, Fe or Ai 
complex. Such a complex may, for example, comprise a complex of at least one of titanium, 
15 zirconium or hafnium and at least one of an acetoacetate ester or alkoxide. As an example, a 
complex of the general formula Ti(OR) 2 {EAA) 2 may be present, where R is a substituted or 
unsubstituted, cyclic or linear, alkyi, alkenyl, aryl or alkyf-ary! group or mixtures thereof and EAA 
is ethylacetoacetate. 

20 The amount of iron, aluminium or cobalt complex present in the polyisocyanate composition of 
the Invention is usuaily in the range 0.01 to 20 % by weight, based on the polyisocyanate and, 
preferably, the amount is in the range 0.1 to 10%. More preferably, the amount of complex 
present is in the range 0.2 to 7% by weight with respect to polyisocyanate and, frequently, 
acceptable curing can be achieved if the amount of complex present is in the range 0.2 to 2% 

25 by weight with respect to polyisocyanate. 

Polyisocyanates for use in the polyisocyanate composition of the present invention may be any 
organic polyisocyanate compound or mixture of organic polyisocyanate compounds, provided 
said compounds have at leasi 2 isocyanate groups. Organic polyisocyanates include 
30 diisocyanates, particularly aromazlc diisocyanaies, and isccyanates of higher functionality. 

Examples of organic pciyisocyanaies which may be used in the composition of the present 
invention induce aliphatic Isocyanates such as hexameihylene diisocyanate; ana aromatic 
isocyanates sucn as m- anc p-chenyiene diisocyanate, tciylene-2,-- and tciyiene-2,5- 
35 diisocyanate. diohenyl- methane--.— aiisocyanate, chlorophenyiene-2,4-ciisocyanate, 

napnthyiene-i ,5- diisocyanate. dionenylene-^. -'-diisocyanate. ^'-diisocyanate 3,2-dimethyj- 
cjpnenyi, 3-meihyialcnenyinethane--. -'-aiisocyanate ana aipnenyi ether diisocyanate; and 
cycioaiicnatjc diisocyanates sucn as cycicnexane-2,^- anc cyc!onexane-2,3-ciisocyanate, i- 
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methyicyclohexyl-2,4- and 1 -methyl- cyciohexyl-2,6-diisocyanate and mixtures thereof and bis- 
(isocyanato- cyclohexyi}methane and tnisocyanates such as 2,4,6-tnisocyanatotoiuene and 
2,4,4-triisocyanatodiphenylether. 

5 Modified polyisocyanates containing isocyanurate, carbodiimide or uretonimine groups may be 
employed as well. Further, blocked polyisocyanates, like the reaction product of a phenol or an 
oxime and a poiyisocyanate, may be used, having a deblocking temperature below the 
temperature applied when using the poiyisocyanate composition. 

10 The organic poiyisocyanate may also be an isocyanate-ended prepoiymer made by reading an 
excess of a diisocyanate or higher functionality poiyisocyanate with a pclyol. Water-emuisifiabie 
organic poiyisocyanates like those described in UK patent no. 1 444 933, in European patent 
publication no. 516 361 and in PCT patent publication no. 91/03082 can also be used. 

15 Mixtures of isocyanates may be used, for example a mixture of toluiene diisocyanate isomers 
such as the commercially available mixtures of 2,4- and 2,6-isomers and also the mixture of di- 
and higher poiy-isocyanates. Poiyisocyanate mixtures may optionally contain monofunctionai 
isocyanates such as p-ethy( phenylisccyanate. Such mixtures are well-known in the art and 
include the crude phosgenation products containing methylene bridged polypheny! 

20 polyisocyanates, including diisocyanate, triisocyanate and higher poiyisocyanates together with 
any phosgenation by-products. 

Preferred isocyanates to be used in the present invention are those wherein the isocyanate is 
an aromatic diisocyanate or poiyisocyanate of higher functionality such as a pure 
5 dlphenylmethane diisocyanate or a mixture of methylene bridged polypheny! poiyisocyanates 
containing diisocyanates, triisocyanates and higher functionality poiyisocyanates. 

Methylene bridged poiyphenyl poiyisocyanates are well known in the art. They may be 
prepared by phosgenation of corresponding mixtures of pciyamines. For convenience, 
0 polymeric mixtures of methylene bridged polycnenyl poiyisocyanates containing diisocyanate, 
triisocyanate and higher functionality poiyisocyanates are referred to hereinafter as poiymerc 
MDI. Suitable poiyisocyanates induce SUFRASEC™ DNR, SUPRA SECT M 2135, RUBIN AT E~ M 
M and RUE!NATE™1840, ail avaiiaoie from Huntsman Poiyurethanes. 

5 Preferably the poiyisocyanate \s >\qu\c at room Temperature. 

Conventional release agents can be acdec to cr usee in combination witn :he ooiyisocyanate 
composition of :he oreseni invention containing an iron or aluminium complex of a S-cicaroonyl 
ccmpour.c. 
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The conventional release agent is present in an amount varying between 0.2 and 10 %, 
preferably between 0.5 and 6 % and most preferably between 1 and 3 % by weight based on 
the poiyisocyanate wnereas the iron or aluminium complex of a P-dicarbonyl compound is 
preferably present in an amount varying between 0.2 and 4 %, most preferably between 0.2 and 
2 % by weight based on the poiyisocyanate. 

Examples of conventional release agents include poiysiloxanes, saturated or unsaturated fatty 
acids (such as oleic acid) or fatty acid amides or fatty acid esters and poiyolefin waxes. 

Preferred conventional release agents tc be used according to the present invention are 
poiyolefin waxes or mixtures of poiyolefin waxes, especially functionalised polyoiefin waxes, 
which are dispersibie in an aqueous medium to form an aqueous emulsion. More preferably, the 
poiyolefin waxes are selected from oxidised polyethylene waxes and oxidised polypropylene 
waxes. 

A preferred method for using the release agent is to apply the emulsion to the surface of the 
poiyisocyanate treated lignoceiiuiosic material or to the press metal surface prior to hot pressing 
the combination. 

When used, the aqueous emulsion of the poiyolefin wax should normally contain a sufficient 
amount of the poiyolefin wax to provide a coverage of about 0.01 to about 1, and preferably 

2 

about 0.02 to about 0.5 mg of the poiyolefin wax per cm of lignoceiiuiosic material or press 
meiai surface. Generally, lower levels of poiyolefin wax are preferred as they are more cost 
effective. When taking the emuisifiers into account the aqueous emulsions wiii usually contain 
about 0.2 to about 10 %, preferably about 0.3 to about 5 % by weight of total solids. The 
emulsions are usually prepared at 30 to 40 % total solids, transported to the point of use and 
then diluted with water to the desired concentration. 

It has been found that the poiyolefin wax emulsion, when used in combination with 
poiyisocyanate compositions of the present invention, may be usefully applied tc the 
lignoceiiuiosic material or press metal surface In an amount equivalent to 3 to 1 4 mg per cm 2 
A particularly preferred polyethylene wax emulsion wnlch can be used in a process in 
combination with a poiyisocyanate composition of the oresem invention is Rubiion™ 603 cr 
Ruoilcn™ 605 , both available from Hunrsman Polyurethanes. A particularly oref erred 
polypropylene wax emuisicn wntch can be used in the present orccess ;s ME 42040 available 
from iVIicheiman inc. of Cincinnati, Ohio. 
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In order to further improve the storage stability of the polyisocyanate composition of the present 
invention a diluent may be added to the composition. Suitable diluents include plasticizers of 
the type mentioned in "Taschenbuch der Kunsistoff-Additive", Ed. by R. Gachter and H. Muller, 
Carl Hanser Verlag Munchen. third edition, 1989. Preferred diluents are phthalates, aliphatic 
5 carboxylates, fatty acid esters, linseed oil and soybean oil. A particularly preferred diluent is 
Prioiube 1403 avaiiable from Unichema being methyl oleate. These diluents are added in 
amounts of from 1 to 40 pans by weight per 100 parts by weight of polyisocyanate and 
preferably in amounts of from 1 to 15 parts by weight per 100 parts by weight of polyisocyanate. 

The composition further may comprise conventional additives like flame retardants, 
lignoceliulosic preserving agents, fungicides, waxes, sizing agents, fillers, surfactants, 
thixotropic agents and other binders like formaldehyde condensate adhesive resins and lignin 
(optionally in combination with a lignin solvent such as described in PCT Patent Application No. 
EP96/00924). 

A particularly preferred additive to be used in the polyisocyanate composition of the present 
invention is a coupling agent such as an organofunctional siiane (for example, Dynasylan 
AMEO, avaiiabie from Hueis). Adding such a coupling agent to the polyisocyanate composition 
leads to improved board properties. The organofunctional siiane coupling agents are used in 
amounts ranging from 0.01 to 3 %, preferably from 0.1 to 2 % by weight based on the 
polyisocyanate. 

The polyisocyanate composition of the present invention can be made by simply mixing the 
ingredients at room temperature. 

The present invention is also concerned with a process for preparing iignoceiiulosic bodies by 
bringing iignocalluiosic parts into contact with the present polyisocyanate composition and by 
pressing this combination. 

30 Therefore the present invention also provides a process for binding lignoceliulosic material 
comprising the steps of 

a) bringing said ligncceiluicsic material in contact vvith the polyisocyanate composition 
according to one embodiment of this invention and 

b) subsequently allowing said material to oma. 

25 

The iignoceiiutcsjc bodies are prepared by bringing the lignoceiiuicsic parts into contact with the 
polyisocyanate composition cy means sucn as mixing, spraying ana/or screacing the 
composition with/cntc :he lignccsiiuicsic parts arc by pressing the comomation of the 
polyisocyanate composition arc the lignoceiiuiosic pars, preferably cy hoi-oressing, typically a: 



WO 01/09218 



PCT/G BOO/02820 



8 

150 °C to 250 °C and 2 to 6 MPa specific pressure. Such binding processes are commonly 
known in the art. 

In waferooard manufacture the lignocelluiosic material and the poiyisocyanate composition 
5 may be conveniently mixed by spraying the present poiyisocyanate composition on the 
lignocelluiosic material while it is being agitated. 

As described hereinbefore, in a preferred process according to the invention, a release agent, 
which is preferably an aqueous emulsion of a poiyoiefin wax, is applied to the surface of the 
10 poiyisocyanate treated lignocelluiosic material or to the press metal surface prior to hot pressing 
the combination. 

The lignoceiiulosic material after treatment with the poiyisocyanate composition is piaced on 
plates made of aluminium or steel which serve to carry the furnish into the press where it is 
25 compressed to the desired extent usually at a temperature between 150 °C and 250 °C. 

While the process is particularly suitable for the manufacture of waferboard known also as 
oriented strand board and will be largely used for such manufacture, the process may not be 
regarded as limited in this respect and can also be used in the manufacture of medium density 

20 fiberboard, particle board (also known as chipboard) and plywood. Thus the lignocelluiosic 
material used can include wood strands, woodchips, wood fibres, shavings, veneers, wood 
wool, cork, bark, sawdust and like waste products of the wood working industry as well as other 
materials having a lignocelluiosic basis such as paper, bagasse, straw, flax, sisal, hemp, 
rushes, reeds, rice hulls, husks, grass, nutshells and the like. Additionally, there may be mixed 

25 with the iigncceiluicsic materials other particulate or fibrous materials such as ground foam 
waste {for example, ground poiyurethane foam waste), mineral fillers, glass fibre, mica, rubber, 
textile waste such as plastic fibres and fabrics. 

When the poiyisocyanate composition is applied to the lignoceiluicsic materia], the weight ratio 
30 of poiyisccyanate/lignccsliuicsic material will vary depending on the bulk density of the 

lignocelluiosic material employed. Therefore, the poiyisocyanate compositions may be applied 
in such amounts to give a weight ratio of polyisccyanate/ligncceiiuJosjc material in the range of 
0.1 : 99.9 to 20 : 80 and preferably in the range of 0.5 : 99.5 to 10 : 90. 

25 if desired, other conventional binding agents, sucn as formaidehyce condensate adhesive 
resins, may be usee in conjunction with cne poiyisocyanate composition. 

More detailed cescnptions of methods of manufacturing wafsreoaro ana similar products oasec 
on agnoce'[uiosic material are availaoie in the prior art. The reenmcues ana equioment 
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conventionally used can be adapted for use with the polyisocyanate compositions of the present 
invention. 

The polyisocyanate compositions of the present invention are extremely effective in minimising 
5 unwanted adhesion to caui plates, press plates and other surfaces with which the treated 
lignoceliulosic material may come into contact Their storage stability and release performance 
is improved compared to polyisocyanate compositions of the prior art, as well as the obtained 
board properties. The sheets ana moulded bodies produced from the polyisocyanate 
compositions of the present invention have excellent mechanical properties and they may be 
10 used in any of the situations where such articles are customariiy used. 

The invention is illustrated but not limited by the following examples. 

EXAMPLE 1 

15 Preparation of Aluminium trisfacetylacetonate) 

To a flask containing 50 g of a mixture of heptane isomers was added 30,8 g (0.125 
mol) of Al tris(sec-butoxide). To this was added with stirring 37.55g (0.375 mol) of 
aceiyiacetone. After stirring, a white precipitate of aluminium tris(acetyiaceionate) was collected 
and washed on a filter paper. Yield = 36.6 g (91 %). 

20 

Preparation of Iron tris(acetvfacetonate> 

20.3 g of anhydrous iron (ill) chloride (0.12* mol) was dissolved in 30 g of dernineralised water 
with gentle warming. To this was added 45 ml of ammonia solution {SG. 0.880). The mixture 
was then heated on a steam bath for 30 minutes. The precipitate of iron(lli) hydroxide was 
25 filtered and washed free of chloride. The moist iron (!!!) hydroxide and 60 g of acetyiacetone 
(0.6 mol) were mixed together and heated for 30 minutes. Crystals of Fe(acac) 3 were deposited 

and were recrystallised from ethanol. 





TABLE 1A 
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* per moie nrcetai tr:s(acety:acetonatei 
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Complexes were prepared by mixing the metal acetylacetonates prepared as above with 
ethyiacetoacetste (EAA) or acetyl acetone (acac) in various moiar ratios, as shown in Tables 
1 A and IB. Control samples having no added p-dicarbonyi compound were included. 

The samples were evaluated by preparing, at 25 °C, duplicate compositions comprising 100 
parts by weight of polyisocyanate (polymeric MDI, Suprasec DNR, available from Huntsman 
Polyurethanes) and berween 0.23 and 0.5 parts of the samples designated 1A to 1Q wherein in 
every case the quantity of metal (iron or aluminium) added was 0.706 mmoi. The compositions 
were then stored at 45 °C and the viscosity tested, at 25 °C, by means of a Brookfield 
viscometer at various intervals. The average results are given in Tables 2A and 2B below [ail 
viscosities are in Pa s]. 



TABLE 2A 
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! Time 
(Days) 


1A 


1B 


1C 


1D 


1E 


1F 


1G 


1H 


0 
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202 


202 
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202 


202 
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10 
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250 
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344 


224 
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21 
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94 
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880 
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TABLE 2B 


j Sample | 


Time J 1J j 1K 
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1L 


1M 


1N j 10 

i 


1P j 1Q ; 

i 


0 | 2M 


244 


244 


244 


244 


244 


244 j 244 


i 18 


348 


296 | 312 | 320 1 932 


536 


362 i 332 


44 


392 


330 I 372 j 396 | 1763 


868 


536 | 574 


60 i 490 j 380 i 418 J 448 j 3138 | 1288 


994 ) 984 



Generally, the most relevant period for storage stability at room temperature is the period 14 to 
46 days after production of the polyisocyanate composition. From Tables 2A and 2B it can be 
seen that iron and aluminium complexes of the invention used \r\ polyisocyanate compositions 
of provide an economical means of staDiiising the compositions over the un-compiexed 
tris(aceiyiacsionate) compounds. 

EXAMPLE 2 

preparation anc testing of Aluminium Tisfethy.'scetoacefate'j complexes 
7c a fiasK containing 5C.C2 g of a mixture of neptane isomers was aaded 31 .0 g (Q.125 mo:} of 
aluminium ;r:s?sec-cutcx:ceJ. Tq mis was added. N\ih stirnng, 48.37 g (0.375 moi) of 
ethyiacetoacstate. After stirring the !»auor was transferee to a rotary evaporator rlasK a^a :ns 

i 

i 
j 
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volatiie sec-butanoi and heptanes (78.56 g) were removed under vacuum leaving aluminium 
tris(ethylacetoacetate) (51 .23 g, 0.124 mol). 
Samples of aluminium tris(ethylacetoacetate) prepared as above was mixed with additional 
ethyiacetoacetate as indicated in Table 3 below. 
5 TABLE 3 



Sample 


Moles EAA added" 


2A- (comp) 


0 


2B 


0.5 


2C 


4.0 



*per mole of Ai(EAA)^ 

The samples were evaluated by preparing, ai25 °C ? duplicate compositions comprising 100 
parts by weight of poiyisocyanate (polymeric MDI, Suprasec DNR, available from Huntsman 
JflO Polyurethanes) and between 0.29 and 0.66 parts of the samples designated 2A-2C wherein in 
q every case the quantity of metal (aluminium) added was 0.706 mmol. The compositions were 
CP then stored at 45 °C and the viscosity tested, at 25 °C, by means of a Brookfield viscometer at 
M! various intervals. The average results are given in Table 4 below [all viscosities are in Pa sj. 
£ The results show that EAA complexes with Al(EAA) 3 to provide improved storage stability in 
^15 tsocyanate compositions 



TABLE 4 



i ime 
(days) 


Sample 




2A 


2B 


2C 


0 


224 


1 224 


224 


10 


272 


! 236 


234 


20 


310 


1 258 


252 


49 


324 


i 256 


274 


73 


510 


! 290 


418 



20 EXAMPLE 3 

Preparation and testing of Iron tnsfeceMareinn a » e » / ethvlarptnacetate comofex 
A sample of an organometailic complex was prepared by mixing 1 mole of iron 
tris(acstylacetonate), as prepared in Example 1 , with 2.5 moles ethyiacetoacetate. The sample 
was evaluated by preparing, at 25 3 C, a composition comprising 100 parts by weight cf 
25 poiyisocyanate (polymeric MDI. Rublnate 1340, availaoie from Huntsman Polyurethanes) and 
0.48 parrs of the sample. The composition was then stored ar45 °C and the viscosity tested, ai 
25 °C, by means cf a 3rooK:1e:c viscometer at various intervals. Results are given in Table 5 
below fail viscosities are :n Pa sj. 

TABLE 5 



; i irre icays) - 


0 




~0 


55 


1 00 ! 


; viscositv 'Pa S) ; 


220 • 


2S0 


3C0 


-20 


620 
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EXAMPLE 4 

An organometallic complex was prepared by mixing 2.5 g of iron tns(acetyfacetonate), obtained 
from the Sigma-Aldrich Company Limited, with 2.3 g ethyiacetoacetate In a flask with stirring. 

5 The organometallic complex (0.48 parts) was mixed with 100 parts by weight of poiyisocyanate 
(polymeric MDi, SUPRASEC DNR, available from Huntsman Pojyurethanes) . This composition 
was used to prepare single layer boards of aspen at 2.5% and 6% resin based on dry wood. 
Boards of 12 x 450 x 450 mm and density 650 kg/m 3 were made using the above composition 
and also containing a sizing wax emulsion (SPG 60 available from Condea Chemie) at 1 % 
10 loading (solid wax) based on dry wood. The prepressing moisture content was 8 %. For 

comparison, similar boards were prepared using the poiyisocyanate without the organometallic 
complex (Comparison). 

Composites were then prepared using the following pressing conditions: 
Press Close (Contact position): 50s 
15 Cure Time: 10s /mm 

Degas Time: 15s 
Press Temperature: 200 °C 

The composites produced under conditions described above were then tested using a range of 
20 industry standard tests to measure physical properties (Modulus of elasticity and rupture 

according to EN310; Swelling after 24hrs of soaking in water according to EN317). Results are 
given in Table 6 below. 

The measured properties showed no significant performance difference between composites 
25 prepared with SUPRASEC DNR alone and when the product of Example 4 was present This 
demonstrates the utility of using poiyisocyanate compositions containing compositions of the 
invention to produce composites without affecting physical performance of the resulting 
composite paneis. 



TABLE S 





2.5% Bmaer loaamg 


6% Binder ioacfng 


Frocerty 


example - 


SD 


Comparison 


SD 


rxampie 3 : 


SC 


< Comparison 


Modulus of Elasticity 

{%) 


4562 


797 


4S93 


431 


5345 ; 

! 


112S 


i 51'3 

i 


Modulus of Ruoture 
(%) 


34.9 


9.0 


35.5 


5.8 


^4.5 | 

\ 


12.7 


! 43 -= 


TmcKness Swesl 


16.5 


"\5 


17.0 




t0 5 : 


1.0 


7.3 



0 

EXAMPLE 5 



rioaras were mace using a ?ciyfsocysnate comprising ciffe r ent pans by weignt cf the 
organcmeraflic comoiex of Example - anc " 00 pans cy weicnt o? stand arc poiyisocyanate 
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(SUPRASEC DNR - see Table 7). The release performance of the boards was tested. In order 
to reproduce the failure mode all spray of release agent was stopped from the 7th repeat 
onwards. It is considered that a reiease rating (see below) of 3 will cause a catastrophic failure 
under large-scale manufacturing conditions. The release trials were run in parallel and for each 
composite the reiease from the top and bottom platten was measured. The per cent wood 
failure (amount of the piatten covered by residual wood) was also recorded. Resuits are 
summarised in Tabies 8 and 9 below. 



Composites were prepared using the following pressing conditions: 
Press Close (Contact position): 20s 
Cure Time: 9.3s / mm 

Degas Time: 20s 

Press Temperature: 1 70° C 



TABLE 7 



Sample 


Weight per cent 
Example 4 product 


Reiease agent 
(g/m2) 


5A 


0 


4 


5B 


0.48 


2 


5C 


0.32 


2 


5D 


0.32 i 1 



The reiease rating is given a vaiue from 1 to 5 having the following significance: 

1 complete sticking, board can not be removed without 
destruction of the board 

2 sticking with wood failure higher than 50 % 

3 sticking with wood failure less than 25 % but higher than 5 % 

4 sticking with wood failure less than 5 %. Little force needed to 
remove board. 

4.5 sticking without wood failure, hanging board. No effort 
needed to remove board. 

5 perfect release, the board releases spontaneously. 
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The results shown in Tables 8 and 9 show that a composition containing an organometaliic 
complex of the invention improves the performance of a system using an external release agent 

and allows this performance to be maintained as the levei of external release agent is 

significantly reduced. 



TABLE 3 



No. of 


Reiease Rating 


%Wood Failure 


Release Rating 


% Wood Failure 


reoeats 




















5A 


5A 


5A 


5A 


5B 


58 


5B 


5B 




Tod 


Bottom 


Top 


Bottom 


Top 


Bottom 


Top 


Bottom 


1 


4.5 


5 


0.5 


5 


5 


5 


0 


0 


2 


5 


4.5 


0.5 


7 


5 


5 


0 


Q 


3 


5 


4 


2 


10 


5 


5 


0 


0 


4 


5 


4.5 


3 


10 


5 


5 


0 


0 


5 


5 


5 


3 


10 


5 


5 


0 


0 


6 


5 


A 


1 


12 


c 


5 


0 


0 


7 


5 


4 


2 


15 




^ 


0 


0 


8 


4.5 


5 






5 


5 






9 


4.5 


i 






5 


5 


I 


10 


4.5 


o 


2 


15 


4.5 


5 


0 


0.5 



TABLE 9 



No. of 


Release Rating 


% Wood Failure 


Reiease Rating 


% Wood Failure 


repeats 




















5C 


5C 


5C 


5C 


5D 


5D 


5D 


5D 




Top 


Bottom 


Top 


Bottom 


Top 


Bottom 


Tod 


Bottom 




5 


5 


0 


0 


5 


5 


o 


0 


2 


5 


5 


0 


0 




5 


0 


0 


3 




5 


0 


0 


5 


5 


0 


0.5 


d 


5 


5 


0 


0 




5 


Q 


0 


j 5 


5 


5 


0 


0 


5 


5 


0 


o 


' %- 


*-* 


4.5 


0 


0 


4.5 


5 


0 


o 




5 


45 


0 


0 


5 


5 


o 


o 


! s 


5 


5 






4.5 


5 


i . 


! 9 


4.5 


5 






5 


5 


! 


! 1C 


4 


5 


0.5 


o 


4.5 


5 


o 


o 



EXAMPLE 5 

Testing of Cobalt tnsiscetviacetcn PTe^ (CojacacJbj complexes 

Samples of cooalt ins(acetyiaceionate) ootained from the Sicma-Aldnch Company 
Limited were mixed with ethyiacstoacatate (EAA) in molar ratios between 1 : 0.5 anc 1 . 4 
(cobait tns(acetyiacetonate) • l3-dicaroonyl comoouna). The samples were evaluated by 
preparing, at 25*0, duplicate ccmoosmons comprising 100 pars by weicnt of oolyisccyanate 
(polymeric MDI, Sucrasec DNR, available from Huntsman Poiyurethanes j and oetween 0.25 
and 0.62 parts of the mixec samples made up as sno^n ;n Taole 10 wherein In ever/ case the 
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quantity of metal (cobalt) added was 0.706 mmol. The compositions were then stored at 45 °C 
and the viscosity tested, at 25°C T by means of a Brookfield viscometer at various intervals. 
Average results are given in Table 10 below [all viscosities are m Pa s]. 



TABLE 10 





Days 


Moles EAA added* 


0 


| 19 


43 


60 


0 (comp) 


244 


( 268 


251 


292 


0.5 


244 


274 


256 


302 


2.0 


244 


256 


256 


266 


4.0 


244 


252 


256 


272 



* per mole Co tns(acety\acetonate) 



The results show that EAA complexes with cobalt tns(acetylacetonaie) to provide improved 
QO storage stability in isocyanate compositions 

EXAMPLE 7 

Preparation and testing of Iron trisftetrametftyfheptanedionate) (Fe(TMHDK) complexes 

Iron tris(tetramethylheptanedionate) was mixed with ethyiacetcacetate (EAA) in molar 
ratios between 1 : 0.5 and 1 : 4 (Fe(TMHD} 3 : 3-dicarbonyf compound). The samples were 
evaluated by preparing, at 25°C, duplicate compositions comprising 100 parts by weight of 
poly isocyanate (poiymenc MDi, Suprasec DNR. available from Huntsman Polyurethanes) and 
between 0.43 and 0.79 pans of the mixed samples made up as snown in Table 1 T wherein In 
every case the quantity of metal (iron) added was 0.706 mmol. The compositions were then 
stored at 45°C and the viscosity tested, at 25°C. by means of a Brookfield viscometer at various 
intervals. Average results are given in Table 1 1 below [all viscosities are in Pa sj. 



Table 11 



j 1 Days 


I 


Moies EAA 


1 o 


31 | 


55 


FefT7v1HD) 3 j 


0 fcomo ) 


i 212 


2S6 | 


333 


Fe(TMKD} 3 ! 


0.5 


I 212 


240 j 


224 ; 


Fe(TMHD) 3 1 


1.0 


! 212 


230 | 


21* ! 


I Fe(TMHD) 3 1 


2.0 


f 212 


236 ! 


212 


=e{TMhD) 3 




i 2^2 


244 ! 


272 



25 The results shew that EAA complexes with Fsf . MHD) 3 to orovide Imorovec storage stability in 
Isocyanate comocsitens 



EXAMPLE 8 

Preparation arc :esrnc oj l rc^ •ps'oenzoviacato^e; • E-elBzAc^ » complexes 
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iron tris(benzoylacetone) was mixed with ethyfacetoacetaie (EAA) in molar ratios 
between 1 : 0.5 and 1 : 4 (Fe(BzAc) 3 : p-dicarbony! compound). The samples were evaluated by 

preparing, at 25°C, duplicate compositions comprising 100 parts by weight of poiyisocyanate 
(polymeric IV1D1, Suprasec DNR, available from Huntsman Polyurethanes) and between 0.38 
and 0.75 parts of the mixed samples made up as shewn in Table 12 wherein in every case the 
quantity of metal (iron) added was 0.706 mmol. The compositions were then stored at 45°C 
and the viscosity tested, at 25°C, by means of a Brookfield viscometer at various intervals. 
Average results are given in Table 12 below [all viscosities are in Pa s]. 



Table 12 





| Days 




Moles EAA 


o 


20 


49 


63 


Fe(BzAc) 3 


0 (comp) 


240 


270 


2S0 


320 


Fe(BzAc) 3 


0.5 


240 


266 


27S 


330 


Fe(8zAc) 3 


1.0 


240 


270 


263 


302 


Fe<BzAc) 3 


2.0 


240 


290 


286 


348 


Fe(BzAc) 3 


4.0 


240 


314 




354 


386 



The results show that Fe(BzAc) 3 itself provides a storage-stable isocyanate composition and 
that (3-dicarbonyl compound may be added to effect a change in stability. 

EXAMPLE 9 

Preparation and testing of mixed Tj/Fs and Tj/AJ complexes 

A mixture was prepared of iron tris(acetylacetcnate), and di(isopropoxy)titanium 
bis(ethy{acetoacetate), having an equal number of moles of iron and titanium and containing an 
additional 2.5 moies of E.AA per mote of titanium plus iron. A similar mixture was also prepared 
using di(isopropoxy)titanium bis(ethyiacetoacetate) and Al(acac) 3 . Shelf life tests were 
performed as before using 0.5 g of these mixtures per lOOg of poiyisocyanate The results are 
shown in Table 14 



The results snow that comoining Ti and Fe or Al can provide improved control over the storage 
stability of caralyst-poiy isocyanate compositions. 

Table 13 



1 Ai(3C3Cy 3 j 


Fe{acac) 3 


T;(CiP^ 2 (EAA} z 


EAA | 




Davs 






(moles) | 


(moles) 


^moies) 


(moles) ! 


0 


i 15 ; 


44 


{ 60 


0.5 ; 




r\ ^ 




24- 


I 354 j 


476 


j 542 


j i. 


0.5 


0.5 


2.5 


244 


i 382 j 


524 


; 53-i 


i - i 




" \ Comparison^ 


2.5 


2CA 


: 405 i 


564 


! 556 



